Abstract
Introduction
This real-time information was further analyzed to identify mobile and immobile cells. Thereafter, 
90
To directly manipulate the TFP-meditated motility of the selected single cells, we incorporated an 91 optogenetic part into the chromosome of P. aeruginosa by using the mini-CTX system (Hoang, 92 Kutchma, Becher, & Schweizer, 2000) . This part encodes a heme oxygenase (bphO) and c-di-
93
GMP diguanylate cyclase(bphS) that can cyclize two GTP molecules to form a c-di-GMP molecule 94 in the presence of near-infrared light (M. H. Ryu & Gomelsky, 2014) . Furthermore, the optogenetic 95 part enabled the direct manipulation of intracellular c-di-GMP levels by using illumination at 640 96 nm ( Figure 2a) . Elevation of c-di-GMP levels is known to repress bacterial motility and promote 97 biofilm formation (Hengge, 2009) . To optimize the intensity of manipulation lights, we varied the 98 LED light intensity (640 nm) to stimulate optogenetically modified bacteria. Furthermore, we 99 monitored c-di-GMP levels in single cells by using a fluorescent reporter (Rybtke et al., 2012) .
100
The c-di-GMP reporter encodes two fluorescent proteins. A green fluorescent protein (GFP) is 101 expressed using a c-di-GMP regulatory promoter (PcdrA), and a red fluorescent protein (mCherry) 102 is expressed using a constitutive promoter (PA1O4O3; Figure 2a) . Thus, the ratio of fluorescent 103 intensities derived from GFP (FG) and mCherry (FR) was used to determine the c-di-GMP levels 7 / 29 in single cells. We observed that c-di-GMP levels, as indicated by the FG/FR ratio, markedly increa- (Figure 2b ). Moreover, we observed that manipulation by using ATI markedly enhanced surfaces, whereas another cell preferred to detach from surfaces.
/ 29
Simultaneously, we observed that 7 hours of ATI treatment considerably increased the c-di-GMP were carried out at least three times and one representative image is depicted. 
204
In addition to using ATI to guide biofilm formation, we expect that our method can be used to computers can address these limitations, thus considerably expanding ATI applications.
226

Materials and Methods
227
Strains and Growth conditions 228
Bacterial strains and plasmids used in this study are listed in Table 1 . Strains were grown on LB 1 mL/L. The strains were harvested at OD600 = 2.1, and the bacterial cultures were further diluted
236
(1:100) in fresh FAB medium to OD600 = 0.4~0.6 before used.
237 Table 1 . Strains, plasmids, and primers used in this study. Construction of optogenetics and c-di-GMP reporter strain in P. aeruginosa.
239
Insertion mutant bphS was constructed by mini-CTX system using a modified procedure for were marked with mCherry/EGFP by using mini-Tn7 system as the similar procedure with mini-
250
CTX. C-di-GMP reporter plasmid was electroporated to the mCherry/EGFP marked bphS mutants
251
to determine the intercellular c-di-GMP level as required. The constructed plasmids and strains are 252 listed in the Table 1 .
253
Setup of Adaptive Tracking Illuminations
254
We schematically show the setup of the Adaptive Tracking Illuminations (ATI) (Figure 1a ). More 255 specifically, an inverted fluorescent microscope (Olympus, IX71) was modified to build the ATI.
256
The modification includes that: 1) A commercial DMD-based LED projector (Gimi Z3) was used were gauged using the ratio of GFP and mCherry intensities.
295
Guiding biofilm formation using ATI
296
Bacterial strains of PAO1-bphS-EGFP and PAO1-bphS-mCherry were 1:1 mixed and inoculated increased after using ATI for 7 hours, which is sharply contrast to that the fluorescence intensity 419 of GFP mut3* in those unilluminated mobile cells remain in low.
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